Metacarpal fractures occur commonly and account for 36% to 42% of all fractures around the hand. [1] [2] [3] Of these, 58% were located in the area of the metacarpal shaft, as shown in a recent study. 4 Although most can be treated conservatively with expected good results, several indications are agreed upon for surgical treatment. These include rotational deformity of over 5°, fracture translation above 50%, and shortening exceeding 6 mm. Shortening of 2 to 5 mm is a relative indication for surgery, due to mild loss of grip strength.
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Metacarpal fractures occur commonly and account for 36% to 42% of all fractures around the hand. [1] [2] [3] Of these, 58% were located in the area of the metacarpal shaft, as shown in a recent study. 4 Although most can be treated conservatively with expected good results, several indications are agreed upon for surgical treatment. These include rotational deformity of over 5°, fracture translation above 50%, and shortening exceeding 6 mm. Shortening of 2 to 5 mm is a relative indication for surgery, due to mild loss of grip strength. 5 Degrees of acceptable angulation depend on the involved metacarpal, between 20° and 30° for the fourth and fifth metacarpal, and up to 5° to 10° for the second and third. 6 In the past years, two fracture fixation methods have been frequently employed-intramedullary pinning, and plates and screws. Several advantages are noted for metacarpal percutaneous pinning. Little operative dissection is required, lessening the risk of tendon irritation and adhesions, and reducing the chance of infection. In contrast, plating of the fracture should allow earlier mobilization and return to heavy manual and sport activities, due to improved stability provided.
A number of studies have compared both methods in the past decades. However, we have found that a majority of these articles contain a mixture of injury locations, including fractures of the fingers, [7] [8] [9] [10] and fractures of the metacarpal base and neck. [11] [12] [13] A recently published metanalysis 14 found only 5 suitable studies for comparison, with 2 of these focusing on fractures of the metacarpal neck, 12,13 and 2 others containing a heterogeneous group of metacarpal and phalangeal fractures. 8, 9 Another current review 15 examined 3 studies in which only pinning was performed [16] [17] [18] The purpose of this study was to examine the difference in clinical measurements and patient satisfaction outcomes between the 2 fixation methods for metacarpal shaft fractures.
Materials and Methods
The primary database was composed of all adult patients treated operatively for metacarpal shaft fractures in our department, between the years 2013 and 2017. In the last few years, our department has seen a shift from metacarpal shaft pinning to plating. Hence, between 2013 and 2015, all metacarpal shaft fractures in our department were treated with Kirschner wire pinning (KW group), and from 2016 to 2017 with locking plates and screws (LP group). Excluded from the study were fractures of the first metacarpal, open fractures, pathological fractures, and fractures requiring bone grafting. To eliminate any fractures of the metacarpal base, neck, and head, any fracture line extending into the proximal or distal end segment square 20 was disqualified ( Figure 1 ). Patients with previous injuries to the upper limbs were also excluded.
Patients in the KW group had their metacarpal fractures pinned with 1 or 2 Kirschner wires inserted antegrade through the base of the metacarpal and into the distal fragment (18 cases) or driven antegrade through a mini-open incision at the fracture site into the metacarpal head and then retrograde into the metacarpal base (12 cases). In 10 cases, additional Kirschner wires were added in a crossed fashion to increase stability. All wire ends were left protruding from the skin. The operated hand was kept in a volar thermoplastic splint, which extended from the middle of the forearm to the middle of the proximal phalanges. The splint was bent to keep the wrist in 20° to 30° of extension and the metacarpophalangeal joint at 70° of flexion. A loose belt over the proximal phalanges allowed limited motion of the metacarpophalangeal joint between 30° and 70°, while the interphalangeal joints were kept out of the splint and free motion of these joints was encouraged. When early signs of bony healing were noted on radiograph, defined as bone callus of 3 or more cortices, the wires were removed and full motion was permitted.
Patients in the LP group had their fractures reduced through a dorsal approach, and fixation was achieved with locking plates and screws (Variable Angle Locking Hand System, Depuy Synthes & Hand Fracture System, Acumed). Care was taken to suture the periosteum over the plate to reduce contact and friction with the overlying extensor tendons. The operated hand was kept in a bulky dressing for 2 weeks till suture removal, and full range of motion was allowed immediately following surgery.
Available patients were examined in our clinic a minimum of 1 year after surgery. Active extension and flexion was tested in each digit-both the digits corresponding to the fractured metacarpals and the noninvolved digits. Due to the variation between individual fingers in flexion and extension, the range of motion in each finger was compared with the same finger in the opposite hand. Based on the criteria proposed by Belsky, 21 we defined digits as having an excellent range of motion when total flexion loss was <40° and proximal interphalangeal joint (PIPJ) flexion loss was <10° of the contralateral finger, good range of motion when total flexion loss was 40° to 80° or PIPJ flexion loss was 10° to 30° compared with the contralateral finger, and poor range of motion when total flexion loss was >80° or PIPJ flexion loss was >30° of the contralateral finger.
In addition, average grip strength was calculated for 3 attempts in both the injured and healthy hand, using a Jamar hydraulic hand dynamometer. Rotational deformity was measured for each finger, based on the angle of rotation of the distal phalanx in straight fist position (Figure 2 ), compared with the adjacent uninjured finger. Disabilities of the Arm, Shoulder and Hand (DASH) score was collected at the time of examination. Finally, the radiograph images were scanned for metacarpal angulation and shortening before surgery and at the final follow-up, and the time at which bony union of at least 3 cortices was noted. Normal distributions of the quantitative parameters were tested by the Kolmogorov-Smirnov test. As a result of this test, parametric (t test) or nonparametric (MannWhitney) tests were used. P < .05 values were considered statistically significant.
Results
A total of 41 patients were located in the KW group, and 40 were located in the LP group, out of which 30 and 29 were available for examination, respectively. A total of 39 metacarpals were fractured in the KW group, and 35 metacarpals were fractured in the LP group. All patients were male. Summary of the results is detailed in Table 1 , along with statistically significant P values. Ranges of motion in 32 of 39 digits in the KW group were excellent, 5 were good, and 2 were poor (25 patients had all excellent fingers, 4 had at least 1 good finger, and 1 patient had poor range in both injured fingers). In the LP group, 32 of 35 digits had excellent range of motion, and 3 were good (27 patients with all excellent fingers, 2 patients with at least 1 good finger).
There were no cases of infection, hardware migration, or failure in either group. A patient in the KW group with a work-related fracture of his fourth and fifth metacarpals developed lasting stiffness of all fingers and increased sensitivity to painful stimulation, although he did not meet the Budapest criteria for complex regional pain syndrome.
Discussion
Plate fixation for metacarpal shaft fractures was found to be statistically advantageous in several parameters as compared to pin fixation. These included grip strength, digital range of motion, residual rotation, and DASH scores. Radiographic fracture reduction was achieved equally in both groups. Operative time was significantly longer for surgical plate implantation as compared with pinning.
In several previous studies, range of motion measurements following plate osteosynthesis were found to be inferior or equal to percutaneous pinning. [9] [10] [11] However, these studies examined a heterogeneous group of fractures in the hand and fingers. When specifically examining metacarpal shaft fractures, it would seem there are several benefits to plating in this area. In these fractures, a plate may be positioned by extensor tendon retraction rather than splitting of the tendon, 22 and without disturbing the joint capsule or risk of screw penetration of the metacarpal head. Gentle removal of periosteum from the bone followed by meticulous suturing over the plate allows for early mobilization without risk of tendon irritation or rupture. Use of new low-profile locking plates and screws, which were not used in other studies, [7] [8] [9] 11 also allowed for more aggressive active and passive mobilization during hand therapy, than we would previously have allowed using nonangular stable fixation.
A high number of patients were found to have residual rotational deformity in their fingers, especially in fractures which were fixated by pins. One degree of metacarpal fracture rotation has been shown to produce 5° of fingertip rotation. 23 Since we examined fingertip rotation in our study, the amount of rotation at the fracture site may be extrapolated as 0° to 6° in the KW group and 0° to 4° in the LP group. Some of these malrotations might have been due to the use of a single Kirschner wire with no locking device to fixate the fracture. Of 20 metacarpals fixated with a single wire, 9 were rotated an average of 8°, whereas 6 of 19 metacarpals fixated with 2 wires were rotated an average of 5°. The majority of rotated digits (15 out of 20) were border digits, and in all but 2 of these the digit was rotated outward from the other fingers (index finger supination or little finger pronation). The lack of scissoring over the adjacent finger and the small degree of rotation in most cases (below 10°) resulted in little functional impairment, 23 and some patients were unaware of any deformity until the examination. No statistical correlation was found between those patients with outward border digit rotational deformity and the DASH score. However, patients with rotation of the middle or ring finger, and those with inward border digit rotation had higher than average DASH scores (21.2 in KW group and 19.1 in LP group). One patient with inward rotation of the little finger underwent corrective rotational osteotomy (Figure 3 ). We could not find any note of residual rotational deformity in other studies which compared methods of metacarpal fixation.
DASH scores in our study population were slightly higher than those in similar studies. 11, 12 Some patients with satisfactory ranges of motion still complained of residual pain and functional disability during daily activities. Two issues might explain these discrepancies. First, metacarpal neck fractures were not included in our study, as opposed to other studies that examined metacarpal fixation methods. These fractures HAND 14 (1) are inherently stable, usually lack a rotational deformity, and often result in excellent function even when highly displaced, such as in the boxer's fracture of the fifth metacarpal neck. 19 Inclusion of these fractures could have possibly led to improved overall DASH scores, specifically in the KW group. 12 Second, a large percentage of patients had more than 1 metacarpal fractured. These patients had worse grip strength scores (74% KW; 85% LP), worse flexion (-38° KW, -21° LP) and extension (-18° KW, -10° LP) in the injured fingers, and higher DASH scores (25.4 KW, 21.9 LP). The DASH scores for patients with 1 broken metacarpal were 13.2 in the KW group and 8.7 in the LP group.
Average radiographic union time was shorter in the KW group. The larger exposure required for plate fixation over the bone, especially the stripping of periosteum, seems to be at fault. 9 In addition, metacarpals in the LP group may have shown a radiographic lag, as rigid plate fixation promotes direct bone healing without a visible callus. Due to early mobilization in the LP group even before signs of healing on the radiograph, the prolonged time to radiographic cortical healing had little overall effect on function or satisfaction. One patient who was treated by pinning with an antegrade-retrograde technique through a mini-open approach at the fracture site went on to develop delayed union, and only achieved bony union at 9 months following treatment with low-intensity pulsed ultrasound (LIPUS). Disruption of callus formation by the open exposure and gapping caused by nail insertion would appear to be the cause (Figure 4) .
Although no patient randomization was deployed in our study, fixation of all fractures with pins between 2013 and 2015 and plates between 2016 and 2017 prevented any bias by selection of a specific fixation method for a certain fracture pattern. The retrospective nature of examination resulted in significantly longer follow-up for patients in the KW group. Although the patients in both groups had long since completed any rehabilitation programs and returned to their previous activities, it is possible that longer follow-up in the LP group would have exposed late complaints of extensor tendon irritation and attrition, perhaps necessitating plate removal. 
Conclusion
Fixation of metacarpal shaft fractures with locking plates and screws was found to have better results than pin fixation in this study. We attribute these results to the greater stability afforded by the locking configuration, which allowed early rehabilitation, and the low plate profile that reduced extensor tendon irritation.
Mild to moderate residual rotation was found to be more common after shaft fixation than was previously reported. Open reduction and plate fixation allows for anatomical reduction and rigid fixation, reducing the risk of malrotation. However, secondary rotation may also be addressed by use of a locking intramedullary nail, multiple nails, or buddy strapping to the adjacent finger, if pin fixation is chosen.
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